The mechanism(s) by which chronic hyperglycemia impairs glucose-stimulated insulin secretion is poorly defined. Here, we compare the "nanomechanics" of single exocytotic events in primary rat pancreatic ␤-cells cultured for 48 h at optimal (10 mmol/l) or elevated (30 mmol/l) glucose concentrations. 
T ype 2 diabetes ultimately results from the failure of insulin secretion from pancreatic ␤-cells to compensate adequately for peripheral insulin resistance (1) (2) (3) . While decreases in ␤-cell mass may contribute (4), the principal failing appears to be abnormal glucose sensing by an extant ␤-cell mass (1, 5, 6) . The molecular mechanisms involved in glucose-stimulated insulin secretion in the healthy ␤-cell are increasingly well understood (6) . Thus, glucose-induced increases in ATP synthesis, and hence a reduction of free ADP, leads to the closure of ATP-sensitive K ϩ channels, cell depolarization, and Ca 2ϩ influx through voltage-gated Ca 2ϩ channels (6) , as well as to the activation of more poorly defined "amplifying" mechanisms (7). However, despite extensive studies in humans (1) (2) (3) and the use of rodent models (8, 9) , understanding of the defects underlying defective insulin secretion in type 2 diabetes is still fragmentary (5) .
Imaging techniques represent a powerful tool for detecting vesicle movement and trafficking in live cells and have provided significant advances in understanding the molecular mechanisms of regulated insulin secretion (6,10 -19) . Thus, we (10,11,16 -18,20) , and others (12) (13) (14) 19) , have recently developed several approaches to visualize the dynamics of individual insulin release events. These are based on the use of vesicle-targeted forms of green fluorescent protein (GFP) or its enhanced variants in combination with confocal and total internal reflection fluorescence (TIRF) microscopy. Importantly, the latter technique allows fluorescence excitation selectively within a closely restricted domain close to (within 80 -150 nm) the plasma membrane (21, 22) . However, since the targeting of insulin-GFP chimeras to dense-core secretory vesicles has proved problematic (23) (24) (25) , we have in the past used a relatively pH-insensitive yellow fluorescent protein (Venus) (26) or monomeric red fluorescent protein (mRFP) fused with neuropeptide Y (NPY-Venus or NPYmRFP, respectively) (16 -18) as insulin surrogates in clonal ␤-cells.
In the present study, we confirm first that NPY provides a more reliable targeting molecule for delivering recombinant fluorescent reporter molecules to the dense-core vesicle than preproinsulin. Through the combined imaging of NPY-mRFP with the vesicle marker phosphatase-on-thegranule-of-insulinoma-enhanced GFP (phogrin-EGFP), we demonstrate next that the majority of exocytosis occurs in primary rat ␤-cells by transient "cavity recap-ture" (cavicapture) (17, 27) exocytosis rather than complete fusion, in line with previous studies in clonal ␤-cells (18) . We also demonstrate that chronic exposure to elevated glucose concentrations reduces both the number of vesicles that are morphologically docked at the plasma membrane and, unexpectedly, the probability that a single exocytotic event will fully discharge its soluble vesicle cargo. An attenuation of glucose-induced increases in mitochondrial oxidative metabolism, and blunted increases in intracellular Ca 2ϩ concentrations ([Ca 2ϩ ] i ), appear likely to underlie the observed abnormalities in the mechanics of single-vesicle fusion.
RESEARCH DESIGN AND METHODS
Expression vectors and adenovirus generation. Plasmids encoding phogrin-EGFP, NPY-mRFP, NPY-Venus (10, 16, 26) , and phogrin-EGFP adenovirus (20) were as described previously. NPY-Venus-and NPY-Y-bearing adenoviruses were generated and amplified using the pAdEasy system (28) as described (20, 29) . Briefly, cDNAs encoding NPY-Venus or NPY-mRFP were transferred into plasmid pShuttle-cytomegalovirus as BglII/NotI fragments, followed by adenoviral generation from the recombinant shuttle vectors in HEK293 cells. Isolation and culture of rats islets and MIN6 and INS-1 cell culture. Islets from rats (male Wistar) were isolated by intraductal collagenase digestion and purified on a Histopaque (Sigma, Poole, Dorset, U.K.) gradient (30) . For islet dissociation, incubations were performed for 5 min in Ca 2ϩ -free solution (138 mmol/l NaCl, 5.6 mmol/l KCl, 1.2 mmol/l MgCl 2 , 5 mmol/l HEPES, 1 mmol/l EGTA, containing 100 IU/ml penicillin, and 100 mg/ml streptomycin, pH 7.35). After brief centrifugation, the above solution was replaced with RPMI-1640 medium (Life Sciences, Paisley, U.K.) containing 10 mmol/l glucose, 2 mmol/l glutamine, 10% heat-inactivated fetal bovine serum, 100 IU/ml penicillin, and 100 mg/ml streptomycin, and islets were dissociated by gentle pipetting trough a pipette. The released cells were plated on glass coverslips and cultured at 37°C in RPMI-1640 medium containing 10 mmol/l (control) or 30 mmol/l (high glucose) glucose. In the case of high-glucose recovery islets, the medium was changed to RPMI-1640 containing 10 mmol/l glucose after 2 days' culture, and cells were cultured for a further 24 h. MIN6 cells (passage nos. 19 -30) and INS-1 cells (passage nos. 100 -130) were continuously cultured as described (16, 20) . TIRF microscopy. MIN6 cells (16) or dissociated rat islets were plated on to poly-L-lysine-coated high refractive index coverslips (n ϭ 1.78) or bare coverslips (n ϭ 1.53), respectively. Clonal and primary cells were transfected, respectively, with 0.5 or 5 g plasmids using lipofectAMINE 2000 (Invitrogen), 16 h before imaging. Alternatively, 1 day before imaging, cells were infected with appropriate adenoviruses at a multiplicity of infection of 30 for 4 h (31). Cells were preincubated for 20 min in modified Krebs-Ringer buffer (KRB) containing 125 mmol/l NaCl, 3.5 mmol/l KCl, 1.5 mmol/l CaCl 2 , 0.5 mmol/l NaH 2 PO 4 , 0.5 mmol/l MgSO 4 , 3 mmol/l glucose, 10 mmol/l HEPES, and 2 mmol/l NaHCO 3 , pH 7.4, and equilibrated with O 2 /CO 2 (95:5) and supplemented with 0.1% (wt/vol) BSA. Cells were perifused at 37°C in the same medium during imaging. Stimulation with KCl was achieved by perfusion of 50 mmol/l KCl containing KRB (NaCl was reduced to maintain the osmolarity). ␤-Cells are likely to represent 60 -80% of the cells in preparations used here and were further selected by identifying by eye the largest cells within the field.
A TIRF microscope similar to that described previously (18) was used in conjunction with objective lens, having a numerical aperture of either 1.65 (APO 100ϫ/1.65 HR; Olympus) (22, 32) To analyze the data, fusion events were manually selected, and the average fluorescence intensity of individual granules in a 1 m ϫ 1 m square placed over the granule center was calculated. Vesicle movement was quantified using MetaMorph software (Universal Imaging, West Chester, PA), and diffusion coefficients were calculated as described (16) . Confocal imaging. Imaging was performed with a Leica TCS-AOBS laserscanning confocal microscope (ϫ100 objective), monitoring the bottom of the cell before moving up the confocal plane in 1-m steps. Free Ca 2؉ concentration measurements. Dissociated rat islet cells were loaded with 2 mol/l fura-2-acetoxymethylester (Sigma) for 20 min at 37°C in KRB containing 3 mmol/l glucose. Cells were then transferred into a thermostatted (37°C) chamber mounted on the stage of an inverted microscope used in the epifluorescence mode with a ϫ40 objective (UAPO/340 40ϫ/1.35; Olympus). Cells were alternately excited at 340 and 380 nm at 5-s intervals using a monochromator (Polychrome IV; Tillphotonics), and emission signals were detected at 515 nm with a cooled charge-coupled device camera with background correction. NADPH measurements. Reduced pyridine nucleotide fluorescence (NADPH) was excited at 360 nm, and the fluorescence emitted was filtered at 460 nm using the setup above. Insulin secretion. Islets were preincubated in KRB medium containing 3 mmol/l glucose for 20 min at 37°C and then incubated in KRB medium containing either 3 or 20 mmol/l glucose or 50 mmol/l KCl. Incubations were performed for 20 min at 37°C. Total insulin was extracted in acidified ethanol (29) . Insulin was measured using radioimmunoassay by competition with 125 I-labeled rat insulin (Linco Research, St. Charles, MO). Real-time quantitative RT-PCR. Total RNA was extracted from ϳ100 islets using TRIzol (Invitrogen, Paisley, U.K.). RNA samples were treated with DNA free (Ambion, Austin, TX), and RNA concentration was determined using RiboGreen assay (Molecular Probes, Eugene, OR). Complementary DNA was synthesized from 1 g total RNA using 2.5 mol/l random-hexamer primers and murine moloney leukemia virus reverse transcriptase (2.5 units/l) in buffer containing 5 mmol/l MgCl 2 and 1 mmol/l dNTP (Applied Biosystems, Warrington, U.K.). Real-time PCR was performed using 25 ng of reversetranscribed total RNA with 300 nmol/l of sense and antisense primers, 100 nmol/l dual-labeled probe, 4.0 mmol/l MgCl 2 , 300 mmol/l dNTP, and 1.25 units HotStar Taq Polymerase (Qiagen, Crawley, U.K.) in a total volume of 25 l in a DNA Engine Opticon-2 Real-Time PCR Detection System (MJ Research, Waltham, MA). All primer and probe sequences are described in (33) with the exception of Synaptotagmin V (NM_016908; referred to as Syt IX by Fukuda et al. [34] ): forward, 5Ј-GGAAATGTTTCCGACTTCCA-3Ј; reverse, 5Ј-GGCTTC ACAGCTGATTGTCA-3Ј; and probe, 5Ј-FAM-AAGTCTGGCATCCCCTGCCC TAMRA-3Ј). 
RESULTS

Visualization of insulin secretion with preproinsulin-EGFP or NPY-Venus.
To compare the utility of a range of dense-core vesicle-targeted probes as surrogates for endogenous insulin, we first generated several preproinsulin (PPI)-EGFP constructs (online appendix [available at http://diabetes.diabetejournals.org]). These contained several different lengths of linker sequence between PPI and EGFP or had an inserted Kozak sequence upstream of PPI (online appendix Fig. 1 ). The targeting efficiency of these PPI-EGFP variants was compared with NPY-Venus by immunocytochemical analysis of fixed cells (online appendix Fig. 2 ). Examined in either clonal ␤-cell lines or in primary rat islet cells, the targeting efficiency of PPI-EGFP to vesicles was significantly lower than that of NPY-Venus (online appendix Table 1 and Fig. 2 ), despite the generation of full-length PPI-EGFP chimeras in each case (online appendix Fig. 2J ).
We next analyzed the behavior of single PPI-EGFPexpressing vesicles near the plasma membrane in MIN6 cells and rat islet cells by TIRF microscopy (16 -18,20,35) . We first counted the number of plasma membrane-associated fluorescent vesicles in MIN6 cells under unstimulated conditions. No significant difference was apparent in the number or diameter of plasma membrane-docked vesicles reported with in PPI-EGFP-transfected (1.3 Ϯ 0.2 vesicles/m 2 , n ϭ 7) versus NPY-Venus-transfected (1.2 Ϯ 0.4 vesicles/m 2 , n ϭ 7) or NPY-mRFP-transfected (1.4 Ϯ 0.3 vesicles/m 2 , n ϭ 7) MIN6 cells. These values are similar to electron microscopic observations (36) .
To further examine whether NPY-targeted constructs were likely to faithfully report the behavior of vesicular insulin during individual release events, the dynamics of single-vesicle fusion and exocytosis were determined in PPI-EGFP-, NPY-Venus-, or NPY-mRFP-expressing cells. The release kinetics of PPI-EGFP, NPY-Venus, and NPYmRFP were essentially identical (Fig. 1A) . Thus, stimulation with 50 mmol/l KCl caused PPI-EGFP-, NPY-Venus-, or NPY-mRFP-containing spots to brighten and spread suddenly during the release of the fluorescent peptide (16, 18) , with an identical time course for all three constructs in both clonal MIN6 cells and dissociated rat islet cells (Fig. 1B and C) . Furthermore, overexpression of PPI-EGFP, NPY-Venus, or NPY-mRFP had no significant inhibitory effect on the release of endogenous insulin (data not shown). These data confirm the more efficient routing of NPY-than PPI-based chimeras to dense-core vesicles. Sustained exposure to high glucose concentrations decreases the number of docked vesicles on the plasma membrane. We next determined the effects of culturing islets under severely hyperglycemic conditions (high glucose: 30 mmol/l glucose) compared with culture under the mildly hyperglycemic conditions (control: 10 mmol/l glucose) previously shown to be optimal for the survival and the preservation function of rat islets (37) and isolated ␤-cells (38) ex vivo. Note that culture at lower glucose concentrations (5-7 mmol/l) (39) decreases both insulin content and glucose-induced insulin secretion from isolated ␤-cells and islets (38, 40) , while prompting apoptosis (41), and was not, therefore, used here.
To determine whether high-glucose treatment might inhibit vesicle transport or docking at the plasma membrane, we counted the number of plasma membraneassociated and intracellular vesicles labeled with NPYVenus by TIRF ( Fig. 2A-C) or confocal microscopy ( Fig.  2D-F) , respectively. Cells cultured at 30 mmol/l displayed a significantly reduced number of both intracellular and plasma membrane-docked vesicles (Fig. 2B , E, and G) compared with control cells maintained at 10 mmol/l glucose. These effects were largely unaltered by subsequent culture for a further 24 h at 10 mmol/l glucose (high-glucose recovery; Fig. 2C, F, and G) .
We next determined whether culture at 30 mmol/l glucose inhibited vesicle movement subsequently stimulated by 20 mmol/l glucose. Control, high-glucose, and high-glucose recovery islet cells were imaged by TIRF microscopy to analyze vesicle movement beneath the plasma membrane (Fig. 2H) glucose recovery islet cells (Fig. 3B and C) in line with previous reports in rat and human islets (37, 43, 44) . Moreover, further increases in [Ca 2ϩ ] i upon stimulation with 20 mmol/l glucose were markedly attenuated in cells incubated at 30 mmol/l (0.035 Ϯ 0.003 vs. 0.089 Ϯ 0.014 fluorescence ratio units, P Ͻ 0.001), an effect partially reversed by culture for a further 24 h at 10 mmol/l glucose (0.052 Ϯ 0.007, P Ͻ 0.01 vs. control and P Ͻ 0.05 vs. high glucose; Fig. 3B ). In contrast, the increase in [Ca 2ϩ ] i in response to 50 mmol/l KCl was unaltered in high-glucosetreated cells (Fig. 3C) .
The above results indicated that high-glucose treatment lessened the augmentation of mitochondrial metabolism in response to a step increase in glucose concentration, consequently decreasing Ca 2ϩ influx. In line with this, compared with control islets, insulin secretion from highglucose-treated islet or dispersed islets cells was significantly lower at 20 mmol/l glucose ( Fig. 3D and E) . Glucose-induced insulin secretion was partially restored in cells treated either with 100 mol/l diazoxide (to inhibit insulin release) or with 10 mmol/l glucose for a further 24 h (high-glucose recovery, Fig. 3E ). Again, insulin secretion in response to 50 mmol/l KCl was unaffected by high-glucose treatment (Fig. 3E) .
In line with the reduced number of intracellular and plasma membrane-docked vesicles (Fig. 2) , total insulin content was ϳ30% lower in high-glucose than in control cells ( Fig. 3F and G) . This defect was corrected by culturing cells in the presence of diazoxide but not by lowering the glucose concentration to 10 mmol/l for a further 24 h (Fig. 3G) .
Suggesting that the alterations in glucose-induced NADPH changes and [Ca 2ϩ ] may be due to changes in the expression of genes involved in glucose sensing, quantitative PCR revealed decreases in the levels of mRNAs encoding Glut2 and glucokinase in cultured intact islets ( Fig. 4A and B) , and a tendency toward decreased expression in dissociated islets ( Fig. 4D and E) , after culture under high-glucose conditions. These changes were fully reversible upon further culture at 10 mmol/l glucose. In addition, culture at 30 vs. 10 mmol/l glucose caused a small but significant decrease in the level of mRNA encoding the exocytotic Ca 2ϩ sensor synaptotagmin V /synaptotagmin IX (34) in intact (Fig. 4C) but not dissociated (Fig. 4F) islets. Effects of elevated glucose concentrations on the mechanics of vesicle fusion. We recently demonstrated using the vesicle cargo protein NPY-Venus (18) and lower molecular mass molecules (20) that insulin release is likely to occur via transient kiss-and-run or cavity recapture (cavicapture) exocytosis (17, 27) . The kinetics of release were shown in these earlier studies to be dependent upon the magnitude of the imposed increase in [Ca 2ϩ ] i (17) . To determine whether exocytosis occurred via similar mechanisms in primary rat ␤-cells, we coinfected control, highglucose, and high-glucose recovery islet cells with adenoviruses expressing phogrin-EGFP and NPY-mRFP. Individual exocytotic events were then studied with a dual-color TIRF microscope. Examined in control cells, stimulation with 20 mmol/l glucose may cause the near-complete release of NPY-mRFP fluorescence from vesicles ( Fig. 5A ; Fig. 6A and D, trace A) . In contrast, phogrin-EGFP fluorescence in the same vesicles diminished only slightly (Fig. 5A) , as observed in clonal INS-1 and MIN6 cells (18, 20) . Examined in several similar experiments, the majority of the NPY-mRFP fluorescence was lost rapidly from the vesicles (Fig. 5B, f) . By contrast, phogrin-EGFP fluorescence remained nearly constant (Fig. 5B, E) , arguing against complete vesicle collapse into the plasma membrane after individual secretory events.
To determine whether high-glucose treatment altered the kinetics of single-fusion events or the extent of the fusion process, similar experiments were performed using high-glucose and high-glucose recovery cells (Fig. 5C and  E) . In all cases, the kinetics of the increase and decrease in NPY-mRFP fluorescence were similar (Fig. 5A-F) . Moreover, vesicular phogrin-EGFP remained associated with the vesicle and failed to spread into the plasma membrane after exocytosis of NPY-mRFP, consistent with a cavicapture mechanism, in each case.
We next determined whether culture at high glucose affected the nature of the release events by quantifying the extent of cargo (NPY-Venus) release. Glucose (20 mmol/l) stimulation caused either the apparent release of NPY-Venus, as monitored through a transient increase in fluorescence followed by diffusion away from the site of exocytosis (Fig. 6A and D) , as previously reported in MIN6 ␤-cells (17, 18) , or little decrease in NPY-Venus fluorescence, compared with the preevent level apparent after the termination of the event (Fig. 6B  and C) . Compared with control cells, high-glucosetreated cells showed a significant decrease of the number of full-release events for NPY-Venus in response to (Fig. 6E and F) , which was reversed by incubation with 10 mmol/l glucose for a further 24 h (Fig. 6E and F) . These results indicate that a decrease in the number of complete-fusion events, i.e., those leading to complete release of the vesicle's cargo of insulin rather than a reduction in the total number of events, is largely responsible for the decrease in insulin output from cells or islets treated under high-glucose conditions. By contrast, the number and type of release events were similar in response to 50 mmol/l KCl, under all culture conditions (Fig. 6E and F) .
DISCUSSION
Targeting of recombinant fluorescent reporters to dense-core vesicles in pancreatic ␤-cells. The first aim of the present study was to reassess the targeting efficiency of PPI-versus NPY-based constructs in clonal ␤-cells and in primary islet cells. After fusion with PPI, targeting of fluorescent proteins to secretory vesicles was relatively poor in insulinoma cell lines (Ͻ60%) though higher than we described previously for PPI-GFP (23), a construct that lacked a linker sequence. The most likely explanation for the low targeting efficiency of both PPI-GFP and PPI-EGFP in clonal ␤-cells is misfolding of the (pro)insulin or EGFP moieties and consequent retention in the endoplasmic reticulum or missorting in the trans-Golgi network (45) . Of note, the targeting efficiency to granules was higher for each of the PPI-EGFP constructs when assessed in primary, rather than in clonal, ␤-cells, in line with the more efficient sorting of endogenous insulin to the regulated secretory pathway in the former setting (45) . Nevertheless, in each of the cell types examined, NPYbased chimeras displayed more efficient targeting to dense-core vesicles than those based on PPI, presumably reflecting the less rigorous demands for folding and sorting to vesicles of the smaller NPY peptide. NPY-based constructs were therefore used in subsequent studies as convenient surrogates for endogenous insulin. Insulin secretion occurs by a transient, cavicapture mechanism in primary rat islet ␤-cells. The second aim of the present study was to reassess the mechanics of individual release events in the context of primary rodent ␤-cells. While we have previously reported that release of insulin occurs principally via a cavity recapture process in clonal ␤-cells (17, 18) , recent data obtained using twophoton, confocal, and TIRF microscopy of pancreatic islets indicated that stimulation in the presence of fluorescent tracer resulted in the abrupt appearance of small "omega" shape fluorescent spots at the plasma membrane and then rapidly disappeared (12, 15) . It was therefore concluded that the majority of insulin exocytosis involved full fusion of the vesicle and plasma membranes. However, in neither of these studies was the fate of a secretory vesicle membrane protein (e.g., phogrin) monitored. By contrast, in the present work, simultaneous observation of phogrin-EGFP and NPY-mRFP revealed that only a small decrease in phogrin-EGFP fluorescence, with no spreading into the plasma membrane as would be predicted for a full fusion event, occurred at the time of the NPY-mRFP release in rat islet cells. The most straightforward interpretation of these data are that the majority of exocytosis occurs via transient "cavicapture" exocytosis in primary islet cells, as observed in clonal ␤-cells (17, 18) and other neuroendocrine cells (46) . Impact of sustained high glucose concentrations on the kinetics of individual exocytotic events. The present studies demonstrate that, after culture of rat islet cells at 30 (vs. 10) mmol/l glucose, partial or incomplete release of vesicle content frequently occurred. What may be the underlying mechanisms? We have previously reported that in MIN6 cells, the mode of exocytosis is dependent upon the strength of stimulation, with a progressive shift from very transient (pure kiss and run) to more sustained events, involving the opening of a larger fusion pore (quasi full fusion) (17) , as Ca 2ϩ concentrations increase. Thus, abnormal Ca 2ϩ signaling would be expected to lead to a decrease in the number of these more sustained opening events (17) , which are necessary to allow release of insulin monomers (18) .
Correspondingly, we show here that long-term exposure to high glucose induces marked abnormalities in the regulation of [Ca 2ϩ ] i in dissociated rat islet cells, with both a small increase in basal [Ca 2ϩ ] i and a marked attenuation of glucose-induced [Ca 2ϩ ] i increases, assuming similar behavior of fura-2 under all conditions. The data are broadly consistent with those previously obtained with mouse (47) , rat (37) , and human (37, 43) islets cultured under hyperglycemic conditions. Similarly, our finding that secretion stimulated by 20 vs. 3 mmol/l glucose was slightly or completely attenuated by high-glucose culture of intact (Fig. 3D) or dispersed (Fig. 3E) islets, respectively, is in line with the findings of Khaldi et al. (37) but in slight contrast to the results of Ling et al. (38) , where different culture and stimulation protocols were used.
The abnormalities in glucose-induced Ca 2ϩ signaling described here seem likely to be due, at least in part, to a perturbation in the normal stimulation by glucose of mitochondrial oxidative metabolism, given the smaller glucose-induced increases in mitochondrial pyridine nucleotide fluorescence observed after chronic hyperglycemia. Importantly, the alterations in glucose metabolism and Ca 2ϩ homeostasis, and the changes in the mechanics of single insulin release events, were at least partially reversible upon the return of glucose to optimal levels. While the mechanisms involved remain to be elucidated, reversible changes in the expression of key genes involved in glucose sensing, including Glut2 and glucokinase (Fig.  4) as well as uncoupling protein 2 (31), seem more likely to be involved than irreversible ␤-cell damage or apoptosis ("glucotoxicity") (48). 
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Finally, downstream changes in the expression of Ca 2ϩ -sensing proteins, such as synaptotagmin V (Fig. 4C and F) , may also amplify the effects of defective glucose metabolism and Ca 2ϩ signaling to further weaken the exocytotic response to glucose. Importantly, decreases in the expression of SytV, a positive regulator of exocytosis, in the face of unaltered expression of dynamin-1 (data not shown), involved in the termination of the exocytotic event (18) , may contribute to the observed decrease in the number of complete exocytotic events that lead to the efficient release of insulin (Fig. 6F) .
In conclusion, by combining the targeting of NPY-based fluorescent probes to dense-core secretory vesicles with confocal and TIRF microscopy, we describe for the first time the nanomechanics of individual exocytotic events in the physiological setting of primary rat ␤-cells. We show that elevated glucose concentrations lead to defects in glucose signaling and abnormal termination of exocytotic events, resulting in the inhibition of glucose-induced insulin secretion. Such phenomena may therefore contribute to defective insulin secretion in some forms of type 2 diabetes.
